The paper performs an efficiency analysis of lower secondary schools in Norway. The efficiency potential is calculated as 14%, based on a DEA analysis with grades in core subjects (adjusted for student characteristics and family background) as outputs. The analysis of the determinants of efficiency indicates that a high level of municipal revenue, a high degree of party fragmentation, and a high share of socialists in the local council are associated with low educational efficiency. The negative effects of the share of socialists and party fragmentation seem to reflect both higher resource use and lower student performance.
Introduction
The educational sector has received substantial attention in academic and political debate in recent years. International knowledge tests have provided new and easily accessible information that facilitates a comparison of educational performance across countries. A key finding is that the international tests indicate a negative correlation between student performance and resource use, meaning that the richest countries, which allocate the most resources to the educational sector, do not receive high achievement in return. Norway, which is a rich country with high resource use and (at best) average student performance, is no exception to this tendency. The mismatch between resource use and performance has triggered a political debate regarding resource use, curriculum, and the organization of the school sector. Measures have been taken to increase the number of hours in basic subjects, to provide better information on the performance of individual schools, and to open public schools to more competition from private schools.
The purpose of this paper is to analyze the efficiency potential in the lower-secondary-school sector in Norway. The efficiency potential is not identified by comparing Norway with other countries, but rather by comparing performance and resource use among Norwegian schools. Our aim is to calculate the gain that could be achieved if all municipalities operated their school sector according to the best Norwegian practice. The analysis is related to a large literature, starting with Bessant et al. (1982) and summarized by Worthington (2001) , which applies data envelopment analysis (DEA) to the educational sector. To our knowledge this is the first DEA analysis of lower secondary education in Norway that uses grades or student achievement as outputs.
1
With respect to the existing international literature, we make two contributions. The first relates to the handling of family background as an indicator of the quality of the students. We take advantage of a rich data set of more than 100,000 students containing grades and extensive information on family background to estimate a measure of student performance adjusted for variation in family background. It is these adjusted grades, rather than the raw grades, that are used as outputs in the DEA analysis. The advantages of this approach are that the inputs in the DEA analysis can be restricted to factors under direct control of the educational institution and that differences in family background are taken into account in the calculation of the efficiency potential. The second contribution is that we provide an extensive analysis of variation in efficiency scores along the lines of Duncombe, Miner, and Ruggiero (1997) and Grosskopf et al. (2001) . We investigate the influence of political and budgetary institutions of the municipality, along with traditional variables like school size.
In Norway primary and lower secondary education is mainly a municipal responsibility, and the municipalities are the units of observation in this study. The DEA analysis reveals large variations in efficiency across municipalities, and the average efficiency potential is calculated as 14%. The variation in efficiency is analyzed using tobit regression, which indicates that a high level of revenue, a high degree of party fragmentation, and a high share of socialists in the local council are associated with low educational efficiency.
The negative effects of the share of socialists and party fragmentation seem to reflect both higher resource use and lower student performance.
The rest of the paper is organized as follows: Section 2 provides the necessary institutional background. The principles of DEA analysis and the approach taken in this paper are discussed in section 3; section 4 discusses data and model specification. Section 5 presents the findings of the DEA analysis and discusses the robustness of the results. Section 6 is devoted to the tobit analysis of the determinants of educational efficiency. Finally, section 7 offers some concluding remarks.
Institutional Background
Most primary and lower secondary schools in Norway are owned and operated by the municipalities. Private schools account for less than 2% of the students, and until the school year 2003/04 the few private schools in operation were either religious schools or schools that use alternative educational methods. In 2003 the parliament passed a new law on private schools, which allows for nonreligious private schools that use traditional educational methods. This study is based on data for the school years 2001/02 and 2002/03 and only includes municipal schools.
Norwegian municipalities are multipurpose authorities that, in addition to education, are responsible for welfare services like child care, primary health care, and care for the elderly. Other important tasks are culture and infrastructure. The main revenue sources are taxes (43% of current revenue), block grants (21%), earmarked grants (13%), and user charges (16%). Interest and other revenue account for the rest. Since earmarked grants and user charges are practically nonexistent in primary and lower secondary education, the sector is mainly financed by taxes and block grants. Compared to most other countries, the system of financing is quite centralized. Around 95% of local taxes are regulated income and wealth taxes where effective limits on tax rates have been in place for the last 25 years. The opportunity to influence current revenues is limited to property tax and user charges.
The municipalities enjoy more discretion on the spending side than on the revenue side. The allocation of taxes and block grants between different service sectors is decided locally, subject to national regulations and minimum standards. In the educational sector there is a national curriculum, and minimum standards are determined by a maximum class size and minimum number of hours per class in each subject.
2 Moreover, until 2004 the teachers' unions negotiated wage and workload (teaching hours per week) with the national government. Despite these national regulations, there is substantial variation in resource use per student between schools and between municipalities (see section 4). The variation between schools is to a large extent related to school size, and the variation between municipalities is related to the choice of school structure and thereby average school size. The settlement pattern, the number of students in the municipality, and the municipal revenue are important determinants of average school size. Few students and a decentralized settlement pattern tend to give small schools, and municipalities with high levels of revenue can afford a decentralized school structure with many small schools.
Data Envelopment Analysis
Over the last decades several methods have been developed to estimate production frontiers and the degree of efficiency for each unit of production. Today the two dominant approaches are data envelopment analysis (DEA) and stochastic frontier analysis (SFA). 3 The two approaches have different strengths and weaknesses. DEA is a linear programming method that has the advantage that no restrictive assumptions about technology (the functional form of the production function) or the distribution of efficiency have to be made, and that it easily handles multiple inputs and outputs. The main weakness of DEA stems from the fact that it is a nonstatistical method with no random error. As a consequence, it does not produce statistical tests and is sensitive to measurement error. SFA is an econometric approach that allows for statistical testing and is less sensitive to measurement error, but requires the researcher to impose a specific functional form of the production function and make strong assumptions about the distributions of the random error and the efficiency term.
There is no consensus in the literature on the choice between DEA and SFA, and both approaches are widely used in applied work. Hjalmarsson, Kumbhakar, and Heshmati (1996, p. 304) conclude that "the choice between different approaches must be based on trade-offs concerning the purpose of the study, type of data, technology characteristics, etc." In this paper we rely on DEA. The DEA method is attractive in our case because the knowledge of the functional form of the educational production function is limited and because the data set allows for multiple inputs and outputs. Moreover, our primary interest is to calculate and explain variations in educational efficiency, not to provide estimates of the educational production function.
The DEA approach was first introduced by Charnes, Cooper, and Rhodes (1978) in order to calculate relative technical efficiency in the case of multiple inputs or outputs in the production process of nonprofit actors, e.g., in the public sector. Technical efficiency is a normative concept and should be interpreted as the inputs or outputs compared to a standard or a norm, and the basic concept of the DEA procedure used in this paper is to minimize the level of inputs for a given amount of outputs.
4 This is done by simultaneously solving a linear programming problem for each unit (municipalities in our case). Generally municipalities will value their inputs and outputs differently and thus call for different sets of weights in the conventional measure of relative efficiency. 5 The efficiency of a single municipality is calculated relative to a best-practice reference frontier. This frontier is defined as a linear combination of the inputs and outputs of efficient municipalities in the sample. The weights and the efficiency measure for each municipality are identified simultaneously in the DEA procedure. As discussed above, the method requires no a priori specification of the functional form of the educational production function.
We will now illustrate the DEA procedure by considering a simplified educational sector where a single input (number of teachers per student) is used to produce a single output (student achievement). The simplification allows us to describe the production process in a simple two-dimensional diagram as in figure 1 . The points A, B, C, and K represent locations of different municipalities in the input-output space.
The DEA model originally proposed by Charnes, Cooper, and Rhodes (1978) was input-oriented and allowed only for constant returns to scale. This approach has since been widely developed; see, e.g., Banker, Charnes, and Cooper (1984) , where a variable-return-to-scale specification was first proposed. We start out by considering the case with constant returns to scale. In figure 1 the efficiency frontier is then represented by the line OO passing through the origin and observation B in the diagram. 6 Observation B lies on the reference frontier and is assumed to be fully efficient, while observations that lie below the line OO (e.g., A, C, and K) are inefficient. Inefficiency implies that the observed units could have produced the same level of outputs with less input by using the best-practice technology defined by the reference frontier. A municipality is less inefficient the larger the 4 Alternatively the efficiency may be calculated by maximizing the outputs for a given level of inputs. In this paper we focus only on input-oriented technical efficiency. 5 Conventionally, relative efficiency is calculated as the ratio of weighted outputs to weighted inputs with a common set of weights. 6 On drawing a line from the origin through each sample observations in figure 1, the line passing through observation B has the greatest slope. Observation B is the most productive of the sample observations. All the other observations lie below this line.
Figure 1
The Best-Practice Reference Frontier under Constant and Variable Returns to Scale distance to the frontier. In figure 1 the efficiency of observation K can be expressed as the ratio of efficient use of inputs to the actual use of inputs; this ratio is represented in the figure as the distance HI divided by the distance HK. For all observations situated below the efficiency frontier, this ratio will lie between zero and one, while for observation B (the efficient municipality) it is equal to one. With variable returns to scale the reference frontier is represented by the piecewise linear curve passing through observation A, B, and C in figure 1. In this case only observation K is situated below the efficiency frontier and defined as ineffective. Given the output of municipality K, the efficient amount of inputs is represented by point J, and the relative efficiency (or efficiency score) is thus given by the ratio HJ/HK.
One characteristic of the DEA method is that the number of efficient units and the calculated efficiency potential depend on the number of inputs and outputs relative to the sample size. For a given sample size an increase in the number of inputs and/or outputs will increase the number of efficient units and reduce the calculated efficiency potential. It becomes important to formulate a proper model specification, since an overspecified model (with many outputs and inputs) may underestimate the efficiency potential, whereas an underspecified model (with few outputs and inputs) may overestimate it.
When the DEA method is applied to the educational sector, it is a challenge to limit the number of variables. It is well documented that socioeconomic variables capturing family background are important determinants of student achievement (e.g., Hanushek, 1986) , and the potential number of relevant variables describing the quality of student input is very large. In applications of DEA to the educational sector this problem is dealt with in two different ways; see Coelli, Prasada Rao, and Battese (1998) and Worthington (2001) . The first is a two-stage procedure where only factors under direct control of the educational institution are included as inputs in a first-stage DEA analysis, and where variables capturing family background are included in a second-stage tobit regression. The problem with this approach is that the efficiency scores from the DEA analysis are biased because differences in family background are not taken into account.
The second alternative is to include variables capturing family background as inputs in the DEA analysis to get unbiased efficiency scores. However, if it is necessary to include a large number of socioeconomic input variables, the efficiency scores may be biased because the number of inputs and outputs becomes large relative to the sample size. The practical solution is to include a few variables or to construct an index of the socioeconomic environment (e.g., Duncombe, Miner, and Ruggiero, 1997) . In this case the remaining question is whether family background is sufficiently controlled for.
In this paper we propose a third alternative, where we utilize a rich data set of more than 100,000 10th-graders containing information on grades, student characteristics, and family background. We estimate regressions with individual grades as dependent variable and variables capturing family background as explanatory variables. In addition, a full set of dummy variables for each municipality is included. The estimates of the municipal dummy variables, which may be interpreted as grades adjusted for family background, are used as outputs in the DEA analysis. The advantages of this approach are that the inputs in the DEA analysis can be restricted to factors under direct control of the educational institution and that a large set of variables describing family background can be taken into account in the calculation of the efficiency potential. Moreover, it is not necessary to decide ex ante whether each socioeconomic variable has a positive or a negative effect on achievement, as is necessary when the variables are included as inputs in the DEA analysis. A similar approach is used by Grosskopf et al. (2001) , where output is based on value-added residuals from a regression with current test scores as dependent variable and previous test scores and the socioeconomic composition of the student body as explanatory variables. However, they do not use data for individual students and only control for a few socioeconomic characteristics.
Another potential problem is that the DEA method is sensitive to measurement error and outliers that tend to overestimate the efficiency potential. The reason is that outliers with high output and/or low input use will affect the position of the frontier and thereby reduce the efficiency score of other units. Outliers with low output and/or high input will only have a minor effect, since they only affect the average efficiency by making themselves less efficient.
In the empirical analysis we use adjusted grades as outputs. In small schools and small municipalities in particular, average grades may vary from year to year, reflecting (unobservable) variation in the quality of the student population. As a consequence the efficiency potential may be overestimated because the frontier is determined by the units with high-quality students. In the empirical analysis we try to reduce this problem by using data that is averaged over two school years. Controlling for student characteristics and family background, as discussed above, also contributes to reducing the problem of variation in student quality. In addition we perform jackknifing to investigate whether the results are sensitive to outliers and measurement error.
Data and Specification of the Educational Production Function
Most applications of DEA to the educational sector use grades or test scores as outputs, and in this study we follow that tradition. We take advantage of a national database with information on grades for individual students for the school years 2001/02 and 2002/03. The database provides information on individual assessment grades and exam result for students in the final year (10th grade) of lower secondary education. Written national exams are arranged in the three core subjects Norwegian, English, and mathematics, but each student is only examined in one subject. Even at the municipal level there are many cases where not all three core subjects are covered by national exams. Assessment grades have a wider coverage and are reported for 13 different subjects for each student.
Since the purpose of this study is to investigate variations in efficiency across municipalities, educational output is mainly measured by assessment grades, which are available for all municipalities. The assessment grades (in the final year) are high-stakes tests in that they are used for applications to the upper secondary level. Students therefore have incentives to put effort into home and class work. A possible weakness of assessment grades is that grading practice may vary between municipalities. We think this problem is smaller for the core subjects (Norwegian, English, and mathematics), where national exams are arranged, since the results on national exams represent important feedback to teachers that facilitate correction of divergent grading practices. In the benchmark model we therefore concentrate on assessment grades in the core subjects as indicators of educational output. Some descriptive statistics for the mean assessment grades are given in appendix table 7. Grades are given on a 1-6 scale where 6 is the best. In Norwegian the grade varies from 2.9 in the municipality with the lowest grade to 4.8 in the municipality with the highest grade, with a mean of 3.8. The mean grade is somewhat lower in mathematics than in Norwegian and English, but the variation across municipalities is of roughly the same magnitude in the three subjects.
Although we think assessment grades in core subjects are reasonably good indicators of educational output, we also formulate production functions with additional outputs. First, a possible problem with focusing on core subjects is that we may underestimate the degree of efficiency in municipalities where schools have devoted a large amount of effort and resources to other subjects. To take account of this possibility we formulate a model where the average grades in other subjects are included as an additional output. Second, variation in grading practices is a potential problem even when we focus on core subjects. To take this into account we also formulate a third model where the results of the written national exam are included as an extra output. Table 7 also reports descriptive statistics for the average assessment grade in other subjects and results from the written national exam. It appears that the average grade level is higher in other subjects than in core subjects, and that the variation across municipalities is smaller. For the exam results the difference goes in the opposite direction: The average grade level on the written exam is lower than the assessment grades in core subjects, and the variation across municipalities is larger.
As discussed in section 3, we utilize a rich data set of more than 100,000 10th-graders to construct grades that are adjusted for family background. The data set contains individual assessment grades and information on socioeconomic background for all 10th-graders in the academic years 2001/02 and 2002/03. This rich data set enables us to adjust the grades for family background, and the adjustment is done by performing a regression of the following type:
where y ijt is the assessment grade of student i in municipality j in school year t. The vector x captures student characteristics and family background, γ t is a year-specific constant term, α j represents municipal fixed effects, and u ijt is an error term. The α's may be interpreted as the average grade in the municipality adjusted for family background.
Equation (1) is estimated for each of the three core subjects Norwegian, English, and mathematics, for the average grade of the remaining subjects, and for the results of the written national exam. The vector x contains vari-ables that are typically used in analyses of student achievement. It includes a number of individual dummy variables on the student's gender, quarter of birth (given that they graduated in the year they turned 16), graduation earlier or later than expected, and whether they are immigrants or adopted. Family background is captured by parents' education and income (separate for the mother and the father) and dummy variables reflecting whether the parents are married to each other, cohabitants, separated, divorced, or none of these. We do not have information on whether individual students receive adapted teaching due to learning disabilities, only on the fraction of students at each school that receive such teaching. This fraction, labeled the fraction of students with special needs, is also included in x.
It should be noted that the estimated equation for the results from the national exam is slightly different from the estimated equations for the assessment grades. First, because the average grade level on the exam differs between subjects, it is necessary to include controls for whether the student has been examined in Norwegian, English, or mathematics. Second, we have tested for possible peer-group effects by including a variable describing the average level of education for the parents of the other students in the school. It turned out that such peer-group effects were present in the results from the national exam, but not in the equations for the assessment grades.
The appendix table 8 reports descriptive statistics for the x variables; the regression results are reported in table 9. The estimated coefficients in table 9 mainly serve to control student achievement for the available variables capturing family background, and to a great extent they confirm the findings from other analyses on the effect of family background on student achievement; see Haegeland, Raaum, and Salvanes (2004) for a recent Norwegian analysis, and Hanushek (2002) for a survey of international contributions. In brief, we find that parental educational level and income have positive and highly significant effects on student achievement, while immigrants have significantly lower achievement levels. Students living with both parents (either married or cohabiting) get higher grades than students living with only one of their parents (single, separated, or divorced). The estimated effect of the share of students receiving adapted teaching at the student's school is significantly negative and indicates that schools with a higher share of students with special needs have lower achievement level.
The average values of the estimated municipal fixed effects (the α's) are close to zero, and are not directly comparable to the original grades, which are on a 1-6 scale. They are made comparable by adding 3.5 to the α's.
The municipal fixed effects also need to be transformed (to be greater than zero) in order to be used as outputs in the DEA analysis. By adding 3.5 this requirement is fulfilled. These adjusted grades are reported in table 1. It appears that the variation in adjusted grades is slightly less than the variation in the original grades, which indicates that the adjustment has the expected effect: Municipalities with low grades and poor socioeconomic status are lifted up, whereas municipalities with high grades and good socioeconomic status are leveled down. We also observe that the differences in the coefficient of variation across subjects are reduced compared to the raw grades reported in table 7. The input measures we use are based on the total number of teacher hours and the fraction of certified teachers (meaning that they have certified education for the relevant grade level). Table 1 documents a substantial variation in teacher hours per student across municipalities, from a low of 61 to a high of 226. On average only 5% of the teachers are noncertified, but in some municipalities up to about 30% of the teaching staff is noncertified. Table 2 displays the correlations between grades and teacher hours per pupil and the fraction of certified teachers. It appears that the five output measures are positively correlated. The correlations between adjusted assessment grades are in the range 0.4-0.7. The correlations between the assessment grades and the results of the written exam are weaker. However, since the exam result is an aggregate of grades in the three core subjects, the correlation between the exam result and a single assessment grade may be misleading. It is more appropriate to consider the correlation between the exam result and the average assessment grade in the core subjects. This correlation is about 0.4, which is of the same order as the correlation between the assessment grades in English and mathematics. The fact that the correlations between the five outputs are clearly less than unity can be also be considered as support for our choice of using the DEA approach rather estimating an SFA model with a single output.
Teacher hours per student are positively correlated with adjusted assessment grades, whereas the fraction of certified teachers is only weakly correlated with the five outputs. The positive correlation between adjusted grades and teacher hours per student is consistent with the results of Haegeland, Raaum, and Salvanes (2004) . They find a positive (but modest) effect of teacher hours per pupil on assessment grades after family background is controlled for.
As mentioned above, we use three specifications of the educational production function in the DEA analysis. They have the same specification of inputs, but differ in the specification of outputs. As student characteristics and family background are controlled for in the calculation of adjusted assessment grades, only factors under municipal control are included as inputs. The two inputs that are included are the numbers of teacher hours given by certified and noncertified teachers, respectively. In the benchmark model (A), adjusted grades in the core subjects Norwegian, English, and mathematics are used as outputs. In model B the average grade in other subjects is included as an additional output. Model B has the advantage that it has a more comprehensive output measure, but the disadvantage that grades in other subjects may be less comparable across municipalities due to varying grading practices. The third model (C) extends the benchmark model by including the results of the national exam as an additional output. The advantage of model C is that it includes an output measure (exam results) that is not subject to varying grading practice across municipalities. On the other hand, it has the disadvantage that the results of the national exam are based on results from different subjects.
In the DEA analysis the outputs are specified as the adjusted grades multiplied by the number of students, and the inputs as the total number of teacher hours by certified and noncertified teachers, respectively. 8, 9 In all three specifications we allow for variable returns to scale (VRS). Moreover, we focus on input-oriented efficiency scores, because the number of students, which is an important element of the output measures, is largely beyond municipal control. The analysis is based on data for 426 (out of 434) municipalities.
Educational Efficiency: The Results of the DEA Analysis
Descriptive statistics for the efficiency scores from models A, B, and C are reported in table 3. In model A, where adjusted assessment grades in core subjects are used as outputs, the mean efficiency score is 0.78 when all municipalities are given equal weight. This means that the average municipality could reduce inputs by 22% without reducing measured output. The results are similar to the U.S. studies by Duncombe, Miner, and Ruggiero (1997) and Grosskopf et al. (2001) . Duncombe, Miner, and Ruggiero calculate an average efficiency score of 0.76 in their study of New York State school districts, whereas Grosskopf et al. (analyzing public schools in Texas) find that inputs could be reduced by roughly 20% without reducing output. Kirjavainen and Loikkanen (1998) find average efficiency of 0.82-0.84 in an analysis of senior secondary schools in Finland. 8 As a consequence the formulation of the DEA models is slightly different from the illustration in figure 1. 9 The data on the teacher hours only distinguish between primary schools (1st to 7th grade) and lower secondary schools (8th to 10th grade). In the analysis the numbers of teacher hours and students refer to the lower secondary level.
It is the weighted average of the efficiency score (with the number of students as weights) that reflects the national efficiency potential. The weighted average is 0.86, which yields an efficiency potential of 14%. The calculated efficiency potential reflects substantial variation in efficiency score across municipalities. 19 out of 426 municipalities come out as efficient (with an efficiency score of 1), whereas the lowest efficiency score is 0.42. Around 25% of the municipalities come out with an efficiency score below 0.71, and another 25% have an efficiency score above 0.87.
Model B, which includes average grades in other subjects as an additional output, gives more or less the same results as model A. The calculated efficiency potential is slightly reduced, from 14% to 13.6%. The ranking of the municipalities is also largely unaltered: the rank correlation is as high as 0.997. The robustness of the results indicates that high achievement in core subjects does not come at the expense of the achievement in other subjects, and that we do not lose much by focusing on the core subjects.
The results from model C, which includes the result from the written exam as an additional output, are also very similar to the results from model A. The difference in mean efficiency score is less than 1 percentage point, and the rank correlation is as high as 0.990. It might be argued that the high correlation reflects that the assessment grades are the dominating outputs in both models. We have investigated this possibility by comparing model A with a model where the exam result is the only input. Even in this case, where the two models have no common output, the rank correlation is as high as 0.92.
Although the reported quartiles (table 3) offer information about the variation in efficiency across municipalities, the DEA procedure does not provide us with any indication whether the calculated efficiency scores are significantly different between the municipalities. In recent years bootstrapped methods have been developed to calculate standard errors and confidence intervals for the efficiency scores; see Simar and Wilson (1998 . We perform a smoothed bootstrap, 10 and the confidence intervals of the empirical distribution are obtained by drawing 2000 bootstrap samples. Upper and lower bounds for 95% confidence intervals for each municipality are shown in figure 2, where the municipalities are sorted according to the efficiency scores from model A. The midpoints of the confidence intervals are so-called bias-corrected efficiency scores that are outputs from the bootstrap procedure, where the bias reflects that the municipalities are now compared with a true frontier that lies above the usual DEA frontier. With a few exceptions the confidence intervals are narrow compared to the variation 10 The bandwidth is set according to the rule of thumb proposed by Simar and Wilson (2004) . 
Upper and Lower Bounds for 95% Confidence Intervals for the BiasCorrected Efficiency Scores (Model A)
in the efficiency scores, and there are few overlaps between the intervals to the left of the figure and those to the right. Figure 2 can therefore be taken as evidence that the efficiency scores differ significantly across municipalities.
The bootstrap only provides information about the bias in efficiencies that is due to sampling error, and we have also investigated whether the results from model A are robust to measurement errors and outliers, by performing jackknifing. Jackknifing means that we leave out each efficient municipality one at a time. Then we run a new DEA analysis in each case. In our case with 19 effective municipalities, 19 additional DEA analyses are run. When one efficient unit is left out, the mean efficiency score of the remaining units will generally increase.
11 The efficiency scores are considered to be robust if the increase is small. In our case the increase in mean efficiency is 1 percentage point or less in 17 of the 19 cases. In the last two cases the increase is slightly above 1 percentage point. Moreover, the rank correlation between the original efficiency scores and the various jackknife models varies between 0.97 and 1. Table 4 provides more information about grades and teacher hours per student in the efficient municipalities (from model A), and they are also compared with other municipalities with roughly the same number of students. The efficient municipalities are divided into three groups; (i) municipalities with 45-85 students, (ii) municipalities with 190-400 students, and (iii) municipalities with 700-1400 students. The table does not include the four smallest efficient municipalities and the three largest efficient municipalities, as they cannot be compared with inefficient municipalities with a similar number of students.
The four efficient municipalities in the group with 45-85 students (EM1-EM4) are characterized by both high grades and low resource use per student. Their grades are on average 3%-7% above the mean of all other municipalities in the group, and the number of teacher hours per student is 22% below. In the group with 190-400 students the best-performing municipalities (EM5-EM8) are also characterized by high grades and low resource use. Grades are on average 1%-5% higher than the mean of the group, and teacher hours per student 22% lower. In the largest group (700-1400 stu- dents) the efficient municipalities (EM9-EM12) do not have higher grades than the mean of the group, but come out as efficient because they have low resource use per student. The characterization of the efficient municipalities is different from Duncombe, Miner, and Ruggiero (1997) . They find that efficient New York State school districts are characterized by high resource use (expenditures per student) that pays off in high student performance. In the Norwegian case, efficient municipalities are rather characterized by low resource use, but it is not associated with low student performance.
Finally, we have briefly compared the results from our approach with the approach where the variables describing family background are included as inputs in the DEA analysis. When all available variables are included in the DEA analysis, around 80% of the municipalities come out as fully efficient. We take this as evidence that the approach cannot handle a large number of socioeconomic variables without producing too many efficient units. Even when we restrict the socioeconomic controls to gender, parents' education, immigrants, and students with special needs, around 50% of the municipalities come out as efficient.
Explaining Variation in Educational Efficiency
As noted by Worthington (2001, p. 265) , efforts to explain variation in educational efficiency are underdeveloped. Most studies merely compare efficiency scores in different groups of the sample. Duncombe, Miner, and Ruggiero (1997) and Grosskopf et al. (2001) are two of the few studies that attempt to explain variation in educational efficiency. They focus on monitoring and competition between school districts. In this section we try to explain variations in educational efficiency along the lines of earlier studies of efficiency in Norwegian municipalities that focus on political and budgetary institutions. The earlier studies include Kalseth and Rattsø (1998) , who analyze administrative spending, Kalseth (2003) , who analyzes the care for the elderly sector, and Borge, Falch, and Tovmo (2005) , who analyze all service sectors simultaneously.
With regard to political institutions, several studies of Norwegian municipalities have emphasized the importance of political strength. There is evidence that political strength contributes to lower user charges (Borge, 2000) and to lower budget deficits (Borge, 2005) . One interpretation of these findings is that a strong political leadership has an advantage in opposing pressure from external interest groups to increase spending (which in turn has to be financed by higher user charges and/or higher budget deficits). Moreover, political strength reduces administrative spending (Kalseth and Rattsø, 1998) and increases efficiency (Kalseth, 2003; Borge, Falch, and Tovmo, 2005) , which indicates that a strong political leadership also has an advantage in opposing internal pressure to increase budgetary slack. A traditional Herfindahl index has been the most widely used indicator of political strength. The index is calculated as
where SH p is the share of representatives from party p. The index takes the maximum value 1 when a single party holds all the seats in the local council; the minimum value 1/P is attained when the seats are equally divided among the P parties. The Herfindahl index is inversely related to the degree of party fragmentation in the local council and thereby positively related to strength. We expect the Herfindahl index to have a positive effect on efficiency.
In Norway the socialist camp is dominated by the Labor Party, while the nonsocialist camp is more fragmented. As a consequence, there is a positive correlation between the Herfindahl index and the share of socialists in the local council. Since we cannot rule out that socialist influence has an effect on efficiency, one could argue that it should be included in the analysis to get an unbiased estimate of the Herfindahl index. A more substantial argument is that earlier studies document that a large share of socialists is associated with high administrative spending (Kalseth and Rattsø, 1998) , low efficiency in care for the elderly (Kalseth, 2003) , and low overall efficiency (Borge, Falch, and Tovmo, 2005) . A possible explanation for these results is that it might be harder for socialists to impose a hard budget constraint on service producers because they are more concerned about service quality When it comes to budgetary procedures, we distinguish between centralized (top down) and decentralized (bottom up) procedures in the initial phases of the budget process. In a centralized budgetary procedure the head of the administration (for an administrative centralized procedure) or of the executive board (for a political centralized procedure) presents an overall budget proposal for each sector, and the sectors only work out specific details within themselves. In a decentralized or fragmented budgetary procedure, on the other hand, each sector works out its own budget proposals, while the head of the administration or the executive board coordinates an overall budget proposal to be approved by the local council. Tovmo (2006) finds that a centralized budgetary procedure contributes to lower budget deficits, while Borge, Falch, and Tovmo (2005) find no significant effect on overall efficiency. The budgetary variable is only available for 306 of the 426 municipalities included in this study.
The earlier studies (Kalseth and Rattsø, 1998; Kalseth, 2003; Borge, Falch, and Tovmo, 2005 ) also indicate that high levels of local government revenue are associated with low efficiency. The underlying argument may be that the service-producing agencies are able to take advantage of a rich sponsor to increase budgetary slack. As an indicator of municipal revenue we use local taxes and block grants per capita deflated by an index that captures varying cost conditions across municipalities. This revenue indicator is widely accepted as the most reliable indicator of differences in economic conditions across municipalities.
Existing evidence on the effect of school competition or school choice, either between public and private schools or between public schools, yields no clear-cut answers. Hoxby (2000) provides evidence that school choice induces greater school productivity in an analysis of U.S. metropolitan areas, whereas Fiske and Ladd (2001) find that parental choice has a negative effect on achievement in elementary schools in New Zealand. Most Norwegian municipalities apply a neighborhood school rule that limits the competition between public schools. However, some municipalities have introduced school choice. A recent survey, focusing on the introduction of new management tools, indicates that around 13% of the municipalities have introduced some form of choice between public schools. We construct a dummy variable for whether school choice is introduced or not. It is available for 245 of the 426 municipalities included in this study.
The determinants of educational efficiency are analyzed using tobit regressions. This is an appropriate method, since the dependent variable, the calculated efficiency score from the DEA analysis, is censored at 1. The regression results are presented in table 5, where we use the efficiency scores from the benchmark model A as dependent variable in the first six columns. 12 The first equation (I) disregards the possible effects of political and budgetary institutions discussed above, and is primarily a test of our method of controlling for family background. It includes the level of education in the municipality (measured as the fraction of the population with education above upper secondary level), the share of students with special needs, and the share of minority students. We follow earlier studies of educational efficiency in including average school size (linearly and squared). Finally, we control for structural differences between municipalities by including population size and the share of the population living in rural areas.
The level of education and the share of minority students come out as insignificant, which indicates that our approach of controlling for family background and student characteristics works well. 13 On the other hand, the share of students with special needs comes out as significant, and a large share of students with special needs is associated with low efficiency. The significant effect of the share of students with special needs might reflect the lack of data on the individual level (see section 4). School size has a significantly positive effect on efficiency, while school size squared has a negative effect. However, the effect of school size does not reflect economies of scale, since variable returns to scale are allowed for in the underlying DEA analysis. It rather reflects that the variation in efficiency across municipalities is related to average school size, and more precisely that the variation is larger among municipalities with small schools. Population size comes out with a positive and significant coefficient, while the share of the population living in rural areas is insignificant.
In column II we include municipal revenue and the political variables as additional explanatory variables. The two political variables come out highly significant. The positive sign of the Herfindahl index means that municipalities with highly fragmented local councils tend to have low educational efficiency. The share of socialists comes out with a negative sign, indicating that socialist influence is associated with low educational efficiency. Municipal revenue comes out with a negative coefficient, but it is not statistically significant.
The dummy variables for budgetary procedure and school choice are included as additional regressors in columns III and IV respectively.
14 Neither of the two variables comes out as significant. Moreover, the sign and significance of the two political variables and municipal revenue are unaffected when we control for budgetary procedure and school choice.
Our findings that party fragmentation and the share of socialists in the local council have a negative and significant effect on efficiency and that the choice of budgetary procedure is of little importance are in line with earlier studies of efficiency in Norwegian municipalities. However, in contrast to the earlier studies, the analysis does not produce a significant effect of municipal revenue. One might suspect that the reason for this discrepancy is that a high level of revenue is associated with a decentralized school structure, and that the effect of revenue is captured by school size in regressions I-IV. The suspicion is confirmed by regression V, where we exclude the school-size variables. Then municipal revenue comes out as highly significant and with the expected negative sign. In addition, the settlement pattern (the share of population in rural areas) becomes significant, and the quantitative effect of population size increases. Our understanding of these changes is that municipal revenue, population size, and settlement pattern represent background variables that explain school structure and average school size. As a consequence, the statistical significance and quantitative effects of these variables are reduced when actual school size is controlled for directly.
In the final three columns in table 5 we investigate the robustness of the results. The point of departure is column V, where the school-size variables are excluded. The first robustness test, reported in column VI, investigates whether the significance of the explanatory variables is robust to bootstrapping of the standard errors. It appears that the t-values based on bootstrapped standard errors are very similar to those based on the usual standard errors. The main exception is municipal revenue, where the t-value is reduced by half, but the effect of municipal revenue is still significant at conventional levels of significance. In the final two columns we use the efficiency scores from models B and C respectively. It turns out that the sign and significance of the explanatory variables remain unchanged from column V, and also that the point estimates are reasonably stable across the specifications. In fact, this is no surprise, given the high correlation between the efficiency scores from the two models.
We finally illustrate the quantitative effect of municipal revenue and the two political variables using equation V in table 5. An increase in municipal revenue that amounts to 10% of the mean is expected to reduce educational efficiency by 1.2 percentage points. An increase in party fragmentation by 10 percentage points is predicted to reduce efficiency by 2 percentage points. The predicted effect of an increase in the share of socialists by 10 percentage points is to reduce efficiency by 1.2 percentage points. Compared to the analysis of overall efficiency by Borge, Falch, and Tovmo (2005) , the quantitative effects of municipal revenue and party fragmentation are weaker in our case.
In table 6 we investigate how party fragmentation, the share of socialists, and municipal revenue affect efficiency. Does their negative effect on efficiency reflect high resource use, high student achievement, or both? The issue is investigated by running simple regressions with average adjusted grades and number of teacher hours per student as dependent variables, and with party fragmentation, the share of socialists, and municipal revenue as explanatory variables. In addition, the share of students with special needs is included in both equations. The inverse number of students and the share of the population living in rural areas are included in the teacher-hours-perstudent equation.
The estimation results reveal that municipal revenue contributes to both high student achievement (assessment grades) and high resource use per student. However, we know from table 5 that the effect of increased resource use dominates the effect of higher achievement, i.e., a high level of municipal revenue contributes to low educational efficiency. For the political variables the effects on resource use and performance work in the same direction. A high degree of party fragmentation and a large share of socialists contribute to both increased resource use and lower achievement. The effect of party fragmentation is significant on achievement, but not on resource use. The share of socialists is highly significant in all equations except the equation for exam results. 
Concluding Remarks
The purpose of this paper was to calculate the efficiency potential in the lower-secondary-school sector in Norway and to analyze the efficiency variation across municipalities. In a DEA analysis, with grades adjusted for family background as outputs and teacher hours as inputs, the national efficiency potential was calculated to be 14%. The calculated efficiency potential is fairly robust to outliers and the formulation of the educational production function. Based on a comparison of municipalities with roughly the same number of students, we find that the efficient municipalities from the DEA analysis are characterized by relatively low resource use per student, and (except for the largest municipalities) they also have relatively high student achievement. In a second-stage analysis we ran tobit regressions in order to explain the variations in efficiency scores across municipalities. We find that a fragmented local council, a high share of socialists, and a high level of municipal revenue are associated with low efficiency. In additional regressions we in-vestigate how party fragmentation, the share of socialists, and the level of municipal revenue affect efficiency, i.e., whether the negative effect on efficiency reflects high resource use per student, low student performance, or both. For party fragmentation and the share of socialists we find that the negative effect on efficiency reflects both higher resource use per student and lower student performance. Higher municipal revenue contributes both to high student performance and to high resource use per student, but the overall effect is to reduce efficiency. 
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